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MICROFLORA OF THE VELLOWSTONE RIVER. 1I1.

Loven L. Bahls

INTRODUCTION

The last flovistic survey of the Yellowst
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was accomplished 20 years ago when the viver wes recelving s

burden much greater than it receives today. In

nology, the situation is much improved and the river 1s getiing cleaner

{2}. MNevertheless, the Yellowstone River from Laurel fo Billings remains
water quality limited because of discharges from the Laurel and Billings
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sewage treatment plants, and wastewater discharges from thre
refineries, a sugar beet factory and a coal-fired steam-electric plant.
There are also a number of non-point source sediment and oil problems
in this vreach of the river {5}

This paper describes the response of Yellowstone River algae 1o
a variety of waste discharges originating in the Laurel-Billings municipal/
industrial complex. Emphasis is placed on the relationship between the
structure of benthic diatom associations and ambient conceniralions of

selected aleal nutrients. This investigation was conducted as 2 contri-

Tt
£
£t
fo
pan
f
ik
il
el
442

bution to the biological portion of a waste Toad allosatio
preparad for this section of the Yellowstone by the Montans Uepartment

of Health and Environmental Sciences.



METHODS

Sampling Stations and Schedule
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inciuding the Clarks Fork River and Yegen Drain:

I, Yellowstone River at Laurel [above Laurel wasiew
charge and confluence with the Clarks Fork River}.

Ti. Clarks Fork River at mouth.

111. Yellowstone River at Duck freek Bridge.

ings).
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I¥. Yellowstone River at South Bridge (Bil
Y. Yallowstone River below Corette plant.
vi. Yellowstone River at Fast Bridge (Billings).

YII. Yegen Drain at mouth.

YIT1I. VYellowstone River helow Yegen Drain (above Billings wa
water discharge).

1X. Yellowstone River near Huntley.
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Periphyton samples and water samples for al
collected at these stations on the dates listed in Tabie L.
Table 1. Sampling Schedule (A171 samples faken in 1975 ex

nutrient sample at Station V., which was co

i S T
Station and ogie

1 Iv  IFDIvooy o oypo o VIT o O NIED 3K
Mutrieni Samples 9/9  9/9 §/9 979 F/u¢ 470 10/23 1077 979
Periphyton Samples 9/9 9/9 979 9/9 9/16 9/¢ 11/1 /1 /9




Field and Laboratory Procedures

At each station, periphyton samples were obizined by sovaping
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natural substrates in proporiion fo th

that was exposed for colonization.

stations.} Substrates from both sluggish
were sampled in order to minimize possible biss ravssd by cuyrrent
affects. This procedure allows for collection of & composite sample
that is representative of the range of physicad conditions pravatiing

at each site at the time of collection,

From each sample, & subsample was taken and scanned microscopically
to determine the presence and relative importance of non-diatom aligas.
Then, in a manner prescribed by the Envirommental Protection Agency {43,
each sample was acidified and oxidized, a permanent mount was prepaved,
and a diatom species proporticnal count was performed.

Rutrient aﬁaﬁysés were performed at the Depariment of Heslth and
Environmental Sciences' water laboratory in Helena following methods

putlined by the American Health Association {1].

Diversity Measures

Two diversity indexes were applied to the diatom species refative

abundance figures obtained from the proportional counts:

index (9},

and Shannon's index {12},

3 . .
o= Wﬁ{?%f?‘é} Tog {(Ng/H)
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A series of corollary measures derived from The Shannosn

applied:
DMAY = Tog (s]
DMIN = Tog (M) w{jw s + 1} Tog (N - s+ 1}
T
£ F
op = OMAX - D

DMAX - DMIN

i

EY = D/OMAX

where s = number of taxa in the sample, N,

taxon 1, and N = total number of individuals coun

theoretical maximum and minimum diversities
expression of dominance by one or more species and is inverssly sroportional

to the wealth of species. [A value of zero is cobiained if each individual

i
ot
e
g
28]
Y
]
i
e
i
-~
pr]
ot
o3

belongs to a different species and a2 value of one i
individuals belong to the same species.} EV or evenness measures the
equality of species abundance in a sample; the greatey the disparities

among species abundances, the smaller will be the evenness.

Another derived weasure s Lloyd and Shelardi's "equitability® (6},
5
5
o s
= 5

H § - 4 3 B £
where s 1is the number of taxa required to produce the observed Shannon

index (D) 4f the taxa are distribuled according to Machrthur’s “broken

stick” model {8). Equitability is more sensitive to poljution than ig
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Dy even slight levels of degradation have been Tound to veducs
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below 0.5 and generally to a range of 0.0 to 0.3 {4},



Algal Hutrienis

The results of algal nutrient analyses are presented in |

The Yegen Drain {VII) was a major contribuior o

gen and phosphorus. The Clarks Fork River {IT} introduce
nigher levels of nitrate while phosphate was elevated below the Loretis

plant (V). Overall, comparing nutrient concentrations at Laurel

and Huntley {IX), nitrogenspecies were not appreciably concentrates by

discharges through Billings, but phosphate and fotal phosphorou

Non-Diatom Algae

4]

Diatoms dominated the flora at all stations excepl in and below

Yegen Drain where Oscillatoria and Stigeocloniun ware the dominant aigae,

respectively. Euglena and a filamentous bacterium resembling Sphasrotilus
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were also evident at these two sites. Cladophora glomerat

at Laurel and below the Corette discharge. The remaining 11 geners of
non-diatom algae--all greens and blue-greens--were relatively uncomsmon.
Digtoms
The structure of benthic diatom associations at the nine sites 1is

given in Table IIIL.

The seven major taxa are those that contributed 1
relative abundance in one or more collections. Pollution tolsrances
far these taxa were obfained from Cholnoky (3) and Lowe (7). Generally,

Achnanthes minutissima and Cymbella affinis are intolerant of organic

Lo
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pollution; Diatoma vul

weak organic poliution |

Navicula cryptocephaia var. veneta and Nitzschia palea sve 1o
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of grganic poilutis The characteristically

i

the Yellowstong River.

mutica i3 an anomaly in
of Nitzschia species is generally regarded as a suiiable indicator of
nitrogenous poilution. With one exception. to be discussed

these indicator taxa behaved as expected considerin

tolerances and the nature and amount of enrichment
values for all major taxa were ressonably close at the statd
the study section {stations I and IX}.

The most siriking feature about the diversity measures in Table
111 is the position held by the Yegen Drain c¢ollection (VIL}. Here,
taxa observed, taxa counted, Margale?, Shannon, maximum and minimum
diversities, evenness and equitability were all conspicuousiy and un-
expectedly maximum. On th& other hand, stations in the Clarks Fork

i 1y

River (I1), below the Corette plant (V), and below Yegen Drain (VIIID}
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some perturbation. As with relative abundanc
values for diversity measures at the most upstream and downsiream

stations {I and IX} were fairly close {Table III}.
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On +the basis of diversity measures, the most spvarely impacted
station on the Yellowstons through Billings was nelow the Covette piant (V).

The great abundance (42.3%) of Cymbelia affinis heve helped depress

diatom diversity to the Towsst levels rece ded in the present study.
Although nutrient data at this site are incomplete and dated, phosphate
does appear to be significantly more concentrated here than ypsireanm
{Table II}. However, the abundance of the sa erophohic diatoms C. affinis

and Achnanthes minutissima and the relatively minor importance of Nifzschiae

indicate chemical water quality belcw the Lovetie plant to be rather good,
Because C. affinis j¢ a summer diatom, i.e., it prefers warmer waters {77,
the stress causing depressed diversity at this location anpears fo be
brouyght on by elevated temperalure from the thermal discharge rather

than by some chemical constituent introduced from the ash pond,

While burdened with a much heavier nuirient ipad {Table 11}, Yegen
Drain (VII) had significantly higher diversity values than other study
sites {Table III}. VYet when this Toad was released into the Yailowstone
River, diversity values were slightly depressed {Station yiil}. One
explanation wight be that Yegen Drain offers a greater diversity ¢
nabitats and a physical environment, in terms of substrate, depth. tem
perature and flow regime, Favorable to a larger variety of benthic diatoms.
This zituation deserves more attention and illustrates the fact that
factors other than pollution Toad are responsible for hinlogical diversity

Tevels in streams, making them difficull o compars on this basis alone.

0



Nitzschia palea 1is one of several diatom sper

organic nitrogen compounds (171},
apparently in response to &
Drain {Tables 11 and 111).

acids and liberate free ammonia to the ailmosphers may be in pari re-

sponsible for the rapid reduction in 2

Drain and the eventual recovery to near baseline levels at Huntley {IX

With four times the nitrogen load,
had only one-third the N. palea population of the ¥
downstream (VIII}. This may be due to more inte
physical factors less favorable to N. palea in the ¥g

Except for nitrate {Table I1}, water guality at the mouth of the

Clarks Fork Biver (Station I1) appears to be quite good despite ihe

o]

relatively low diversity values (Table IIl}. The Clarks Fork and

discharges through Laurel have no discernible negative effect on Yell

{

stone River periphvton at Duck Cresk Bridge {Station 111,
The phytoplankion data from the 1956 Yellowstone survey {10) are

not strictly comparable to the data reported here. HNevertheless, it

is evident that water quality has improved considersbly in the interve

20 years. On thé whole, comparing samples from Lauvel and

Yellowstone River periphyton was not indeiibly affected by perturbatio

through Bitlings in 1975, Self-purification and recovery of the micro-

filora from pollution may be considered compiete at Huntley.
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